Synthesis of closo-decaborate-tetrazine, (4)
O
211 At production
The radioisotope of 211 At was produced in the nuclear reaction of 209 Bi(α,2n) 211 At according to the procedure described 2, 3 . A metallic 209 Bi target (chemical purity: >99.999%, typical thickness: 20 mg cm −2 ) was prepared by a vacuum evaporation on an aluminum plate. The Bi target was placed at 15° incline with respect to the beam axis. The 29.4-MeV beam was delivered from the RIKEN AVF cyclotron; the beam energy on the center of the target surface was calculated to be 28. 4 MeV with the SRIM-2013 program 4 . To obtain 211 At with a high radionuclidic purity, the beam energy was controlled to 28-29 MeV using electrostatic pickups to prevent the production of 210 At (T 1/2 = 8.1 h) which decays to a highly toxic α emitter 210 Po (T 1/2 = 138 d). The typical beam intensities were 5-10 μA. The target was cooled with the circulating water (1.5 L min −1 ) and He gas (30 L min −1 ) during the irradiation. The beam axis was continuously rotated in 3-mm diameter at 2 Hz to avoid a local heating of the 209 Bi target using a beam wobbling electromagnet on the beam line of the AVF cyclotron. The Bi targets were irradiated for several hours to produce maximum 1 GBq of 211 At.
After the irradiation, the 209 Bi target was placed on a copper tray in a quartz tube (28-mm i.d.×200-mm length) and heated up to 850°C using an electric furnace. 211 At sublimated from the target material was extracted from the quartz tube to a PFA tube (1-mm i.d.×1-m length) through a quartz capillary (2-mm i.d. ×130-mm length) with an O 2 gas flow at a flow rate of 20 mL min -1 . The PFA tube was cooled at -72°C in a mixture of dry ice and ethanol to collect the gaseous 211 At. After the distillation for 30 min at 850°C, the quartz capillary was removed from the quartz tube, and the inside of the quartz capillary and the PFA trap tube was washed with 100-200 μL of water to recover 211 At. The chemical yield of 211 At was determined by γ-ray spectrometry using a Ge detector. The radionuclidic purity was determined by α-particle spectrometry and γ-ray spectrometry using Si and Ge detectors, respectively.
The α-particle and γ-ray spectra of the purified 211 At are shown in Figs. a and b, respectively. The peaks on 211 At are only seen in the spectra. The chemical yields of 211 At were approximately 80%. The radionuclidic purity of the 211 At solution was >99.9% and the atomic ratio of 210 At/ 211 At was < 1.0×10 -5 at the end of irradiation. Maximum 100 MBq of 211 At was used for the radiolabeling experiment. According to the general procedure, the labeling was carried out by using 2×10 -5 M PBS solution of non-labeled trastuzumab (30 μL, 90 μg), Na[ 211 At] (5.2MBq) in PBS (30 μL), 1.0 mg/mL chloramine T in water (3 μL), and 1.0 mg/mL sodium pyrosulfite (Na 2 S 2 O 5 ) in water (3 μL). α-Ray doses of the residue on filter and the filtrate were measured by using germanium semiconductor detector and the residual Na[ 211 At] (0.27 MBq, 5% RCY) was detected on the filter.
TLC analysis of 211 At-labeled trastuzumab 10
According to the general procedure, the labeling was carried out by using 2×10 -5 M PBS solution of 9 (0.6 μL, 1.8 μg), Na[ 211 At] (21.8 MBq) in PBS (120 μL), 1.0 mg/mL chloramine T in water (6.5 μL), and 1.0 mg/mL sodium pyrosulfite (Na 2 S 2 O 5 ) in water (6.5 μL). α-Ray doses of the residue on filter and the filtrate were measured by using germanium semiconductor detector and 10 labeled with 211 At (9.94 MBq, 46% RCY) with specific activity (5.5 MBq/μg) was obtained as 0.05% PBS-T solution.
On TLC aluminium sheet, 1 μL of 10 in 0.05% PBS-T was spotted and the TLC plate was run with CHCl 3 :MeOH 3:1 (run with this solvent, R f of trastuzumab and NaI whose hydrophilicity is similar to Na[ 211 At] were 0.0 and 0.67, corresponding to area 1 and 3 on the TLC sheet in Table. S1, respectively). The TLC sheet was cut and separated 4 pieces, then X-Ray doses of them was measured by using germanium semiconductor detector. mg/mL chloramine T in water (6.5 μL), and 1.0 mg/mL sodium pyrosulfite (Na 2 S 2 O 5 ) in water (6.5 μL) was used to quench the reactions for each. α-Ray doses of the residue on filter and the filtrate were measured by using germanium semiconductor detector and 10 labeled with 211 At (11.5 MBq, 53%
RCY) with specific activity (0.64 MBq/μg), or 10 labeled with 211 At (11.8 MBq, 54% RCY) with specific activity (1.3 MBq/μg), or 10 labeled with 211 At (10.9 MBq, 50% RCY) with specific activity (2.4 MBq/μg) were obtained as 0.05% PBS-T solutions for each. Each samples were diluted with PBS (400 μL) and left at room temperature for 24 h. α-Ray doses of these samples were measured by using germanium semiconductor detector before and after amicon centrifuge under 14,000 ×g for 5 min. ( Fig. 3f-h ) According to the general procedure, the 211 At-labeling was carried out by using 9.6×10 -6
M PBS solution of 9 (26 μL, 38 μg), Na 
